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COMPTROLLER GENERAL OF THE UNITED STATES
WASHINGTON D.C. 20648

B~-209466

The Honorable John W. Warner

Chairman, Subcommittee on Energy
and Mineral Resources

Committee on Energy and Natural
Resources

United States Senate

Dear My. Chairman:

This report discusses the need for action to prevent
further duplicative computer-mapping activities in the Federal
Government. At your request, we have developed information on
the nature and extent of these activities and have made recom-
mendations to the Director, Office of Management and Budget, and
the Secretary of the Interior to improve the coordination of
Federal computer mapping.

As arranged with your office, we are sending copies of this
report to the Director, Office of Management and Budget; the
Secretary of the Interior; interested congressional committees;
and other parties,

Sincerely yours,

oA [l 7

Comptroller General
of the United States
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COMPUTER-MAPPING PROGRAMS:

A GROWING PROBLEM

Through fiscal year 1981, 11 Federal agencies
have spent a total of over $45 million to
develop computer technology for their mapping
programs., (See app. I.) But, because the new
techniques have not been adopted in a coordi-
nated manner, duplication has developed among
the agencies and opportunities for savings
have been lost.

COMPUTER-MAPPING PROGRAMS ARE
WIDESPREAD AND EXPENSIVE

Over the last decade Federal civilian agencies
have increasingly used the computer to analyze
geographic data and reproduce maps. Although
several computer techniques are being used or
are being developed, the process usually
involves using a computer system to "read" a
map or other sources of geographic information
and store the information in a form which can
be retrieved for analysis or for controlling
map revision. (See pp. 1 and 2.) For example,
the Forest Service, Department of Agriculture,
uses a computer to determine likely areas for
timber sales by analyzing data on the type and
location of timber and the characteristics of
the surrounding terrain.

COMPUTER-MAPPING PROGRAMS
ARE OFTEN DUPLICATIVE

Duplicative computer-mapping activities have
developed because the U.S. Geological Survey,
Department of the Interior, the principal
civilian mapping agency, has not had enough
funds to keep pace with other Federal agen-
cies' demands for computerized versions of
the Geological Survey's products.

Under the Office of Management and Budget's
(OMB's) Circular A-16, the Geological Survey
has lead agency responsibilities for national
mapping, but not explicit authority to coordi-
nate Federal computer mapping. The Geological
Survey produces several widely used official
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map series which cover the Nation at different
scales. Among the most widely used is the
1:24,000 scale map series (maps which show
ground distance at 1/24,000th of its actual
length). Such maps indicate political bound-
aries, transportation lines, public land
surveys, drainade, and terrain.

At least 11 Federal civilian agencies have

computerized map information from the 1:24,000

map series. But, if these agencies continue to

use different formats, codes, and standards,

the Geological Survey will have to redo their

work when it carries out its plan to compu-

terize these same maps. The Geological Survey

estimates the cost of completing the whole

series at $200 million. These costs would be ;
recouped to some extent by sales of products. {

Program officials at several agencies GAC con-~

tacted said that the lack of a central data

base available to Federal users was the

principal reason they began their own single-

purpose, computer-mapping programs. Most of

these officials indicated that although they

would have needed computer-mapping programs

for their own requirements, the cost of these

programs would have been reduced if the

Geological Survey could have provided compu-

terized map information to them. The savings

could have been realized by reductions in labor

and equipment used to computerize the maps. ;
For example, Bureau-of Land Management offi- ‘
cials estimated savings of about $2.2 million;
Census Bureau officials estimated savings of
about $2.3 million. Offsetting the agencies’
estimated savings would be the costs of é
acquiring the data from the Geological Survey.

(See pp. 6 to 8.)

Action is needed now to control the situa-
tion, especially since computer-mapping
activities are expected to increase within

the Federal Government. Seven of the 11
Federal agencies currently using computer
mapping plan to increase their expenditures
for this activity in the future. Program
officials of four other Federal agencies
which are not now involved in computer mapping
hope to begin a computer—-mapping program in
support of their major programs in the future.
(See p. 6.)
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PROPOSED REMEDIES FOR DUPLICATIVE
COMPUTER-MAPPING PROGRAMS

Concern over the increase in duplicative
Federal computer-mapping programs has led to
a number of actions.

First, an interagency committee was formed by
the Interior Department to improve coordina-
tion and establish uniform standards for
Federal computer mapping. However, the com-
mittee's effectiveness is limited by not
having a charter from OMB giving it authority
to resolve conflicting agency interests.

(See pp. 9 and 10.)

Second, the administration at
that would establish a revolving fund in the
Department of the Interior to finance a
national computer-mapping data base to be
maintained by the Geological Survey. (See
app. III.} However, there is insufficient
information to conclude that the proposed
revolving fund could raise enough funds from
user charges to Federal agencies and others

to develop a national data base. Doubts

about the feasibility of the self-supporting
revolving fund center on whether the market
for Geological Survey computerized maps is
large enough to permit the full recovery of
production costs and finance the continued
development of a data base. Recent price
increases for these computerized maps have
been accompanied by decreased sales to

Federal agencies and other customers. Repre-
sentatives of several Federal agencies told
GAO that they were unwilling to pay the high
Geological Survey prices and that it would

be unfair to require them to pay these prices,
because Geological Survey computer-mapping
products are more precise and detailed than
the agencies require. A Geclogical Survey-
sponsored market study scheduled for comple-
tion in January 1983 may provide more infor-
mation on whether the revolving fund can be
self-supporting. (See pp. 14 and 15.)

Third, OMB had proposed at one time a cir-
cular designed to encourage interagency coor-
dination, enable the Geological Survey to
effectively administer the proposed revolving
fund, and reduce duplication among Federal
computer mappers. The drafr circular would
have designated the Geological Survey as the
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lead agency for computer mapping in the United

States, authorized the Geological Survey tO

administer a national computer data base, and

prohibited other Federal agencies from developing

duplicative, incompatible data bases. The cir-

cular would have permitted agencies to compu-

terize Geological Survey maps that the Survey

could not supply in a timely manner, so long as

the agencies adhered to prescribed standards.

According to Geological Survey officials, sur-

plus computer capacity would not be created in

Federal agencies by prohibiting duplicative

computer-mapping activities because the equip-

ment used for these activities has many other ,
applications. An OMB directive along the :
lines of the draft circular is needed; however,

OMB has not yet decided on its final form or

content. (See pp. 16 and 17.)

RECOMMENDATIONS

GAO recommends that the Director, OMB, issue
a circular or other directive requiring the
interagency coordination of computer mapping é
and preventing duplicative programs. The t
directive should create a rulemaking body to
establish uniform standards for Federal com- ’
puter mapping so that agencies can exchange
data and the needs of map users are met at
reasonable cost. {See p. 17.)

GAO recommends that the Secretary of the
Interior accelerate. the production of compu-
terized maps most in demand by other Federal
agencies. Accelerated production could be
funded by user charges, and if necessary, by
reallocating funds within Interior and re-
questing increased appropriations. Such
funding appears justified in view of the
long-term potential savings in duplicative
computer-mapping costs Government-wide,

(See p. 18.)

AGENCY COMMENTS AND GAO's EVALUATION

OMB agreed that it should take action to
improve the coordination of Federal computer
mapping. OMB said that it was preparing in-
structions to Federal agencies on coordination
but could not say how or when they would be
issued.

iv
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The Department of the Interior basically agreed
with GAO's recommendations. It stated that the
Geological Survey should be the focal point for
coordinating computer-mapping activities in the
Federal Government and that the Survey should
be supported by an OMB directive. Interior
also stated that the data base would eliminate
the need for duplicative efforts and result in
an overall savings to the Federal Government.

The Departments of Agriculture, Commerce,
Housing and Urban Development, and the Army and
the National Aeronautics and Space Administra-
tion generally acknowledged that duplicative
Federal computer-mapping activities were a
problem but were concerned that the attempts to
correct the problem might adversely affect
their own missions.

GAO believes that the OMB directive it is rec-
ommending to reduce duplicative activities can
make adequate provisions to protect agency mis-
sions. (See pp. 18 and 19 and apps. V through
XI.)}

This report was requested by the Chairman,
Subcommittee on Energy and Mineral Resources,
Senate Committee on Energy and Natural
Resources.
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CHAPTER 1

INTRODUCTION

Over the last decade numerocus Federal agencies have developed
independent systems for computerizing map data. In general, these
systems are used for more rapid and efficient storage, analysis,
and reproduction of information needed to manage major Federal
programs. Advances in computer technology have ensured that, for
the foreseeable future, computer mapping 1/ will be an increasingly
valuable tool for managers and planners. However, recent Federal
studies have indicated that proliferation of independent computer-
mapping programs has led to duplication.

COMPUTER-MAPPING APPLICATIONS
AND TECHNIQUES VARY AMONG AGENCIES

By entering data from maps into a computer, agencies can
analyze geographic information more quickly and easily. Most agen-
cies use this information to support their main activities. For
example, the Forest Service, Department of Agriculture, compu-
terizes maps which show political boundaries, vegetation, terrain,
roads, and other features in our national forests. According to
Forest Service program officials, computer mapping is the most
efficient method of locating and inventorying the natural re-
sources within their jurisdiction. Specifically, the Forest Serv-
ice can use computer mapping to record and combine data on eleva-
tion, slope, and timber types to identify areas for future timber
sales and to predict the visual impact these timber cuttings will
have from different perspectives in the national forests. The
Forest Service can also combine data on terrain, vegetation, and
other factors to predict the probable ccurse a forest fire might
take and how fast it might move. Following are examples of other
applications of computer mapping.

~=-The Fish and Wildlife Service, Department of the Interior,
combines various types of environmental data to determine
which areas are environmentally suitable for certain spe-
cies of fish and wildlife. This information can be used
to assess the impact of energy development on wildlife
habitats.

--The U.S. Geological Survey (USGS), Department of the In-
terior, plans to use computer mapping to store and update
the information on its major standard national map series.
Automated map revision can save time and money over manual
revision.

1/Computer mapping is technically known as digital cartography.



=-=The Bureau of the Census, Department of Commerce, maintains
computer files of roads, drainage, railroads, and other
features used as boundaries for census tabulation units
within the Nation's major metropolitan areas {approximately
2 percent of the country's land area). Among other appli-
cations, the Bureau uses the files to assign mailing ad-
dresses on questionnaires to the geographic units in which
they are located. Maps will be produced when additional
data is computerized.

Many agencies computerize both base map and thematic data.
Base map data includes features such as political boundaries,
transportation lines, public lands surveys (legal public survey
lines), drainage (lakes, rivers, streams, etc.), and terrain.
These features are often used as a background on which thematic
data is displayed. Thematic data includes any information which
is not base map data but which can be presented on a map. Agen-
cies are currently computerizing thematic data ranging from
wildlife habitats to population trends.

Map information can be computerized using several different
techniques. The most common are (1) following the lines on a map
using a hand-held sensor, (2) mechanically scanning maps with
light-sensing instruments, (3) scanning the Earth's surface
through remote sensing satellites, such as LANDSAT, and (4) auto-
matically computerizing elevation data from aerial photographs.
The most popular of these techniques among Federal agencies is
manual computerizing using a sensor.

Each of these techniques has advantages and disadvantages.
Manual computerizing can accurately capture many of the features
shown on a map but is labor-intensive. Scanning technology holds
promise for rapidly gathering data from maps but needs further
development before it can be used economically for many purposes.
Current LANDSAT data, while plentiful, does not meet many accuracy
requirements. Computerizing from aerial photographs is effective
for capturing terrain information but can only capture those fea-~
tures that are clearly visible from the air. However, as tech=-
nology advances, these and other techniques will become increas-
ingly useful to Federal agencies.

PREVIOUS STUDIES HAVE INDICATED
POTENTIAL PROBLEMS

Since 1973 three major Federal studies have discussed the
decentralized nature of Federal civilian mapping activities. 1In
July 1973 an interagency Federal Mapping Task Force chaired by the
Office of Management and Budget (OMB) reported that Federal
civilian-mapping activities tended to be uncoordinated, decentral-
ized, and inefficient. 1/ The task force noted that 39 Federal

1/"Report of the Federal Mapping Task Force on Mapping, Charting,
Geodesy, and Surveying," Office of Management and Budget
(Washington, D.C.: GPO, 1973).



agencies had spent about $305 million for domestic mapping,
charting, geodesy, 1/ and surveying activities during fiscal year
1972. A major finding of the task force was that Federal civilian
activities in these areas should be consclidated, preferably in
one civilian agency patterned after the Department of Defense's
Defense Mapping Agency.

In 1980 an Office of Science and Technology Policy study of
the need for a centralized digital cartographic data base indi-
cated that many Federal agencies involved in mapping were develop-
ing plans to independently computerize map data. 2/ The study
maintained that the result of this single-purpose computer mapping
would be inefficiency and waste and concluded that USGS should be
designated as the lead agency in the digital mapping area. The
study warned that, without a centralized data base, " * * * other
agencies will begin their own programs which, while individually
smaller, will aggregate to much greater cost." (See footnote 2 on
this page.)

Finally, a 1981 National Research Council review of Federal
surveying and mapping activities reported that, while some progress
had been made since the 1973 task force report:

"The present situation with respect to the prolifera-
tion of surveying, mapping, and related activities
among the 39 Federal agencies involved is not much
different than it was in fiscal year 1972, the year
used as the base for the 1973 Federal Mapping Task
Force * * * report."[3/]

Regarding Federal computer mapping, the National Research Council
noted that the area " * * * merits more attention than it is re-~
ceiving." 4/ The report also raised questions concerning the
possibility of unnecessary duplication and inadequate coordination
among the agencies involved.

1/A mathematical process that determines the exact positions of
points and the figures and areas of large portions of the Earth's
surface and its shape and size.

2/"An Assessment of the Need for a Centralized Digital Carto-
graphic Data Base," Office of Science and Technology Policy, 1980.

;/“Fe@eral Surveying and Mapping: An Orgarnizational Review,"
National Research Council (Washington, D.C.: National Academy
Press, 1981), p. 1.

4/See p. 22 in the above footnote.



PROPOSED LEGISLATION WOULD FINANCE
CENTRALIZED COMPUTER MAPPING

Responding to the concerns expressed in the studies on
page 3, the Department of the Interior proposed a bill (S. 1280)
in 1981 to enable USGS to produce and maintain a national data
base of computerized map information financed by a revolving fund.
By making the information in the data base available to computer-
mapping agencies, the bill would eliminate the need for some .
single~purpose computer mapping in other Federal agencies. Ac- §
cording to the proposal, the fund will eventually become self-
supporting through sales of computer-mapping products. As an
additional step toward improving the coordination of computer
mapping, OMB drafted a circular establishing USGS as the lead
agency responsible for managing, producing, and distributing com-
puterized map information for the United States., Neither of these :
proposals has been finalized. (See ch. 3 for further discussion
of the bill and circular.)

OBJECTIVES, SCOPE, AND METHODOLOGY

The Chairman, Subcommittee on Energy and Mineral Resources,
Senate Committee on Energy and Natural Resources, asked us to
gather and review data on the extent, nature, and cost of PFederal
civilian computer-mapping activities; the possibility of duplica-
tion in Federal computer-mapping programs; and the degree to
which the proposed revolving fund has been justified by market
analysis. 1In addition, we contacted several State and private
groups to determine the nature of their computer-mapping activi-
ties and their views on the need for more centralized Federal
leadership in computer mapping. We did not attempt to determine
the marketability of USGS' computer~mapping products, since USGS
is conducting a market study to obtain this information. We i
performed this review in accordance with generally accepted
government audit standards.

Through reviews of mapping publications and discussions with i
mappers from Federal, State, and private groups, we compiled a :
list of 28 Federal civilian agencies most likely to have computer- ;
mapping capabilities. By obtaining program information from each
of these agencies, we narrowed our list to 11 civilian agencies
which have been computerizing features from USGS maps, such as
political boundaries, transportation lines, public land surveys,
drainage, and terrain. (See app. I1.) The other 17 agencies were
computerizing little or no base map data, as a result, they were
not included in our review. The 11 agencies selected for further
review were the Department of the Interior's USGS, Fish and Wild-
life Service, Bureau of Land Management, National Park Service,
and Bureau of Reclamation; the Department of Agriculture's Forest
Service; the Department of Commerce's Bureau of the Census; the
Department of the Army’'s Corps of Engineers (Civil Works); the



We used various technigues to gather and analyze information
on the computer-mapping activities of the selected Federal agen-
cies. Discussions with program officials, followed by review and
analysis of program descriptions, budget documents, and statements
submitted to us by agency officials, provided most of our informa-
tion. At all 11 agencies we gathered data on program costs, goals,
and standards. The data on program costs is approximate, since
some agencies do not maintain separate records of expenditures on
computer mapping. Computer-mapping costs are usually recorded as
expenses under other programs.

In addition to analyzing individual computer-mapping programs,
we reviewed coordination efforts among Federal agencies. We
obtained much of our background data by reviewing the minutes of
previous coordination meetings and discussing the results of the
meetings with the participants. We also monitored the proceedings
of the newly formed Interagency Digital Mapping Policy Committee.

We also gathered and analyzed information on selected State
computer-mapping programs to determine if any duplication exists
between Federal and State activities and if a more centralized
Federal computer-mapping effort--including a more effective effort
to set standards for computer mapping--would be supported by the
States. We obtained this information through discussions with
coemputer-mapping officials from 11 States. The States selected
had ongoing computer-mapping programs in various stages of devel-
opment. Data for our selections was obtained through literature
reviews and talks with officials of Federal and State agencies and
private organizations. The States were Arizona, Colorado, Iowa,
Kentucky, Minnesota, Montana, North Carolina, South Carolina,
Texas, Utah, and Washington.

We contacted several private companies to determine whether
they believed centralizing Federal computer-mapping activities
would be beneficial to private industry. All the companies that
we contacted were producers of computer~mapping data. (A list of
the private companies that we contacted is included in app. II.)



CHAPTER 2

GROWING COMPUTER-MAPPING ACTIVITIES

HAVE LED TO DUPLICATION

Federal computer-mapping programs are increasing in size and
number. Duplication has developed in these programs because
(1) generally accepted computer-mapping standards which would
permit the exchange of data among users have not been developed
and (2) a sufficient data base of computer-mapping information i
available for use Government-wide does not exist. So far, the :
duplication has been mainly limited to other Federal agencies com- :
puterizing USGS' maps. Because these agencies have computerized ;
the maps using standards different from those USGS uses, USGS will
not be able to use their data and will have to duplicate these
agencies' work. The situation will worsen if Federal agencies
continue to use different computer-mapping standards, additional
Federal agencies begin computer-mapping programs, and existing
programs become entrenched. Unless corrective action is taken soon,
the Federal Government will miss opportunities for cost savings.

FEDERAL COMPUTER-MAPPING PROGRAMS
ARE NUMEROUS AND GROWING

At least 11 Federal civilian agencies, including USGS, are
computeriz ing USGS map data. Most of these agencies began com-
puter mapping during the mid-1970's, as developing computer
technology offered increasingly useful mapping applications.
From the time they began computer mapping through fiscal year
1981, these agencies had spent over $45 million on computer-map-~
ping activities. (See app. I.)

The total dollar amounts program officials reported spending j
on computer mapping varied from $17,238,000 for USGS to about
$100,000 for the National Aeronautics and Space Administration.
The figures reported by most agencies were estimates, since they
viewed computer mapping as a support activity rather than a sepa-
rate program and therefore did not maintain separate records of
computer-mapping expenditures. Personnel and computer hardware
involved in computer mapping are often used for other purposes,
making it difficult to determine the expenses incurred solely as
a result of computer mapping.

Federal civilian agencies' involvement in computer mapping
is increasing. Seven of the 11 Federal agencies have plans to
increase expenditures for this activity in the future. Program :
officials of at least four other Federal agencies which are not
now involved in computer mapping hope to begin using it in
support of their major programs in the future.



SINGLE-PURPOSE COMPUTER MAPPING HAS RESULTED :
IN DUPLICATION AND LOST SAVINGS OPPORTUNITIES E

The growth of independent, single-purpose computer mapping
in FPederal civilian agencies during the 1970's has led to dupli-
cation. Our review disclosed that 10 agencies have been com-
puterizing the same features from the same map series and Fhat
USGS will computerize this entire series again as part of its
national mapping program.

Independent programs are often duplicative

OMB Circular A-16 gives USGS lead agency responsibilities
for national mapping, but not explicit authority to coordinate
Federal computer mapping. USGS produces several widely used
official map series which cover the Nation at different scales.
Among the most widely used is the 1:24,000 scale map series which
shows political boundaries, transportation lines, public land
surveys, drainage, and terrain. At least 11 Federal civilian
agencies have been computerizing map information from this map ,
series, USGS plans to completely computerize these maps in the §
future. The total cost cannot be calculated precisely at this ‘
time, but USGS estimates it may reach $200 million. 1/ By that
time, much of this data will have been computerized already by ;
other Federal and State agencies. However, USGS will be unable ‘
to use this data unless USGS and these agencies begin to use
common formats, codes, and other standards.

The lack of a centralized Federal computer-mapping data base i
has already resulted in lost opportunities for savings. Procgram ’
officials of several agencies said that the lack of a centralized
data base available to Federal users was the principal reason
they began their own single-purpose computer mapping. Most of
these officials estimated that they could have avoided costs in
single-purpose computer mapping if USGS had had a computerized
file of base map information. The savings could have been real-
ized by reductions in labor and equipment used to computerize
USGS maps. For example, Bureau of Land Management officials esti-
mated total savings of about $2.2 million; Census Bureau officials
estimated total savings of about $2.3 million. 2/ While many
agencies would still computerize their individual thematic data !
to add to their base map data, only two of the agencies involved ”
in computer mapping maintained that the availability of a
centralized data base would not have saved any money.

1/This figure would be offset by sales of computer-mapping pro-
ducts and expected improvements in productivity from automating
map production and revision.

2/These savings estimates are based on the agencies' receipt of
USGS data free of charge.



Although these figures are only estimates, they do provide
some indication of the cost of duplicative computer base map data.
USGS' long-range plan for producing a national computerized map
data base should help eliminate much of the duplication among
agencies. Until a centralized data base is created to meet the
major Federal mapping needs, the Federal Government will continue
to spend more than is necessary to produce computer-mapping data.

Duplication has been encouraged by the
lack of a central data base

Officials of several Federal civilian agencies told us that
they began independent computer mapping because they were unable
to obtain computerized map data in any other way. Although USGS
is the principal mapping agency for the Nation, it has been unable
to satisfy requests from other Federal agencies for computer-map-
ping products. According to USGS program officials, limited
funding has prevented USGS from meeting the agencies' needs for
timely products.

Most agencies have developed computer-mapping capabilities to
meet their own particular needs. In general, the agencies have
not followed USGS standards in their own computer mapping because
these standards require greater precision and detail than the
agencies require and would be more costly.

INTERAGENCY COORDINATION OF COMPUTER-MAPPING
PROGRAMS HAS BEEN INADEQUATE

The agencies' inability to exchange computer-mapping data is
due in part to the lack of effective coordination among computer-
mapping agencies. Although some promising interagency coordina-
tion began taking place during our review, much remains to be done
in resolving important issues, such as determining what the dif-
ferent agency requirements for computer mapping are, what possi-
bilities for data exchange are available or can be developed,
and what common standards for computer-mapping products would be
most effective for both Federal and non-Federal 